Determining how an autoimmune response is initiated is essential to understanding the mechanisms of autoimmunity. Self-reactive T cells, self-protein, and a failure of tolerance to that self-protein are all involved in the pathogenesis of autoimmune disease; yet it is not clear how self-reactive T cells rind the target self-protein to initiate an autoimmune response. Although a variety of self-proteins have been shown to be presented on both class I and class II major histocompatibility complex (MHC) molecules, the relationship of these self-proteins to autoimmune disease has not been established. To explore this further, we generated a T-cell hybridoma that recognizes mouse cardiac myosin, the self-protein that induces murine autoimmune myocarditis. Using this hybridoma as a probe to detect myosin-class II MHC complexes, we isolated a class II MHC+/CD45+ residential antigen-presenting cell (APC) population directly from the hearts of normal mice and looked for evidence ofendogenous processing ofcardiac myosin by these APC. In this report we show that myosin-class II MHC complexes are found on residential APC in the normal mouse heart. Induction of autoimmune myocarditis increased the expression of myosin-class H MHC in the heart and enhanced their APC functions. This result is a direct demonstration that epitopes of a self-antigen involved in initiating an autoimmune disease are endogenously processed and presented within the target organ.
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It is vital that the immune system distinguish between selfproteins and foreign protein antigens to elicit an effective immune response. Precisely how this discrimination is made is not completely understood, but negative selection (1-7), clonal anergy (8) , peripheral tolerance (9) , and downregulation of self-reactive T-cell receptors (10) are all mechanisms shown to function in vivo to sustain tolerance to self-proteins. Work by several investigators has firmly established that self-proteins are processed and presented by antigen-presenting cells (APC) (11) (12) (13) (14) (15) . Wekerle et al. (16) reported that Schwann cells could process the self-protein myelin basic protein, known to initiate experimental allergic encephalomyelitis, and present it to myelin basic proteinreactive T cells, but this occurs only if the Schwann cells are first treated with interferon y in vitro. Recently, endogenously processed self-peptides have been eluted from both major histocompatibility complex (MHC) class I and class II molecules, sequenced, and identified (17) (18) (19) (20) (21) ; these selfpeptides represent a spectrum of nuclear, cytoplasmic, and membrane-bound self-proteins. Thus, it is clear that many self-proteins are endogenously processed and complexed with MHC class I or class II molecules. However, none ofthe currently identified self-proteins known to be endogenously processed by APC in vivo has been implicated in an autoimmune disease.
Several models of autoimmune disease use a purified self-protein emulsified in complete Freund's adjuvant (CFA) to induce an autoimmune response in susceptible mice. Examples include experimental allergic encephalomyelitis (22) , experimental autoimmune uveitis (23), collagen-induced arthritis (24) , experimental autoimmune thyroiditis (25) , and myosin-induced myocarditis (26) . Because these immunizing self-proteins induce an organ-specific autoimmune disease, we reasoned that self-protein-class II MHC complexes might exist endogenously within the target tissue. A question central to understanding the induction of autoimmune disease in these models is whether self-protein-class II MHC complexes exist before the start of disease or only after targetorgan destruction began. To explore this question, we used the model of myosin-induced myocarditis to determine whether self-peptides of cardiac myosin were endogenously presented on class II MHC molecules within the heart. We have shown (27) that CD4+ T cells are critical for inducing this disease and that nonimmunogenic MHC class II-binding peptides can block initiation of cardiac inflammation. Therefore, we focused our attention on the class II-restricted responses. We generated cardiac myosin-specific T-cell hybridomas to probe APC isolated directly from mouse hearts.
In this report we demonstrate that myosin-class II MHC complexes are endogenously presented on residential cardiac APC and that these APC are fully capable of processing proteins and stimulating T-cell hybridomas.
MATERIALS AND METHODS Animals. BALB/cByJ, DBA/2J, A/J, and B1O.D2 male mice were obtained from The Jackson Laboratory, housed in microisolator cages (Allentown Caging, Allentown, NJ) and fed autoclaved chow and sterile water ad libitum. Severe combined immunodeficient (SCID) and C.B-17 male mice were obtained from E. Unanue (Washington University). All mice were 2-4 mo ofage at the time ofexperiment. CD1 mice, Lewis rats, and New Zealand White rabbits were used for cardiac myosin purification.
Antigens. Mouse, rat, and rabbit cardiac myosin and mouse skeletal-muscle myosin were purified according to the method of Shiverick et al. (28) tTo whom reprint requests should be addressed.
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as described (35) . Hemoglobin was prepared from hemolysates of freshly obtained BALB/cByJ red blood cells, as described (11) , and the peptide Hb1dn'lin (64-76) was synthesized by using a DuPont RaMPs system, as published (11) . A cell-free extract of heart protein was prepared by removing an aliquot from the digestion mixture used to isolate cardiac APC (described below) before cell separation on Percoll gradients. After centrifugation at 1200 x g to remove cells, total protein concentration was determined by using the Bradford assay (Bio-Rad).
Generation of T-Cell Hybridomas. C.B-17 mice were immunized with 200 ,ug of purified mouse cardiac myosin (27) emulsified in CFA (Difco) on days 0 and 7. On day 21, spleens were removed, a single-cell suspension was prepared, and 5
x 106 cells per ml were cultured at 37TC for 7 days in Dulbecco's modified Eagle's medium (DMEM) (GIBCO)/5% fetal bovine serum/2 mM glutamine/10 mM Hepes/1 mM pyruvate/0.1 mM nonessential amino acids/gentamicin at 50 pug/ml/5 x 10-5 M 2-mercaptoethanol/purified cardiac myosin at 5 pg/ml. Next, irradiated BALB/cByJ spleen cells at 25 x 106 cells per ml and cardiac myosin at 5 pg/ml were added, and after 3 days of culture, recombinant interleukin 2 (IL-2) (35 units per ml) was added for an additional 3 days. The live cells were then recovered by using Ficoll-Hypaque (Pharmacia) and fused to BW5147 T-cell-receptor a-, 8-cells according to standard protocol (29) . IL-2-producing, cardiac myosin-reactive hybrids were identified with IL-2-dependent CTLL-2 cells (30) as described (11) . A CNBr digest ofmyosin was used as the antigen source because native myosin is relatively insoluble in culture medium and toxic at higher concentrations. The antigen-reactive cells were then subcloned twice at limiting dilution to ensure clonality.
Characterization of Hybridomas. Peptone-elicited macrophages (PEC) were used as APC and prepared from mice previously injected with 60 ,g of Con A (Sigma) as described (31) . The appropriate concentration of test antigen was then added, 1 x 1io hybridoma cells were added, and the mixture was incubated overnight at 37°C. IL-2 production was assessed with CTLL-2 cells as described above. MHC restriction was assessed by blocking studies with the I-Ed/k-specific monoclonal antibody 14-4-4S and the I-Ad-specific monoclonal antibody MKD6. Both hybridomas were obtained from the American Type Culture Collection.
Induction of Autoimmune Myocarditis. One hundred fifty micrograms of mouse cardiac myosin was emulsified in CFA and injected s.c. on days 0 and 7 along with 500 ng ofpertussis toxin (List Biological Laboratories, Campbell, CA) injected i.p. on day 0 only, as described (27) .
Isolation of Cardiac APC. Cells were isolated by a modification of the procedure developed by Yamada and Corr (32) . Specifically, mice were killed by cervical dislocation, and the heart was immediately perfused via direct left ventricular puncture with 5 ml of ice-cold Ca2+-free Krebs' solution (32)/100 AM chloroquine (Sigma) followed by 2 ml of Ca2+-Hepes (32) solution, also containing collagenase L at 1 mg/ml (Sigma). The hearts were removed, placed on ice, and minced. An additional 2 ml per heart of the Ca2+-Hepes/ collagenase/chloroquine (CHCC) solution was added, and the hearts were digested with gentle rocking at 37°C for 15 min. After the tissue was allowed to briefly settle, =906% of the supernatant was gently removed and replaced with an equal volume of fresh CHCC; the hearts were digested for 15 min at 37°C. Trypsin VIII (Sigma) was then added to a final concentration of 20 ;Lg/ml, and the tissue was incubated again for 15 min at 37°C. Soybean trypsin inhibitor (Sigma) was added to a final concentration of 40 ,ug/ml, and a single-cell suspension was prepared by gently and repeatedly forcing the tissue through a syringe. After 
processing of myosin is required for reactivity and that the recognized epitope is restricted by the I-Ed molecule (data not shown). To address the possibility that a lack of response was due to processing difficulties with the native forms of these muscle proteins, CNBr digests of all of the above-tested proteins were also prepared. CDL 7.8.1 cells showed reactivity only to the digests of mouse and rat cardiac myosin (data not shown); these data indicate that CDL 7.8.1 is specific for an epitope of rodent cardiac myosin. Thus, we generated a T-cell hybridoma from an autologous T cell that was specific for its own cardiac myosin and which could be used to detect myosin being processed within the heart.
Isolation of Residential Cardiac APC. To examine whether functional APC existed within the normal myocardium, we first isolated a nonmyocyte cell population from the myocardium by serial collagenase and trypsin digestions and discontinuous Percoll gradients. The isolated cells contain an adherent cell population and had an approximate density between 1.04 and 1.06 g/ml on discontinuous Percoll gradients. FACS analysis (Fig. 2 Left) revealed that 24% are CD45+ and 16% are class II MHC+. All the class II MHC+ cells are also CD45+, suggesting that functional antigen presentation occurs by bone-marrow-derived, class II MHC+ cells and does not occur on cardiac myocytes, fibroblasts, or endothelial cells. This result may be similar to the murine equivalent of the class II MHC+/CD45+ dendritic cell in the rat heart, identified by Spencer and Fabre (34) . Approximately 15% of the isolated cells from normal hearts are CD11b+ (data not shown), suggesting that a residential macrophage population normally exists within the mouse myocardium.
Detection of Endogenously Processed Cardiac Myosin on Cardiac APC. We hypothesized that cardiac myosin was endogenously processed and presented on these residential APC within the myocardium. To test this, we isolated cardiac APC from normal mice in the presence of chloroquine to inhibit any potential processing of myosin during the isolation procedure and added these cells to the cardiac myosinspecific T-cell hybridoma CDL 7.8.1. We found that myosinclass II MHC complexes were present on cardiac APC isolated from normal mouse hearts (Fig. 3 ), but were not present on spleen cells taken from the same mice. In addition, PEC did not stimulate CDL 7.8.1 in the absence of added antigen (see Fig. 5 ). Therefore, the processing of cardiac myosin occurs only within the myocardium. 3 . Detection of endogenous myosin-class II MHC complexes on cardiac APC from normal BALB/cByJ mice. Cardiac APC were isolated in the presence of 100 ,uM chloroquine, as described in the text, and incubated with the cardiac myosin-specific T-cell hybridoma CDL 7.8.1 without the addition of exogenous antigen.
Results were similar with cardiac APC isolated from five separate experiments. Stimulation of the hybridoma was determined as described for Fig. 1 , except that cardiac APC were used. Results are mean ± SD values for quadruplicates.
myosin by residential cardiac APC is a phenomenon found in a variety of mouse strains (data not shown). Cardiac APC stimulated an unrelated hybridoma (21DO34.4) but only stimulated it when its specific antigen (ovalbumin) was added to the culture. These studies support our hypothesis that cardiac myosin is endogenously processed and presented by residential cardiac APC.
Effect of Autoimmune Myocarditis on Endogenous Processing and Presentation of Cardiac Myosin. We were next interested to learn whether induction of autoimmune myocarditis affected the endogenous processing and presentation of cardiac myosin within the myocardium. To evaluate this further, BALB/cByJ mice were immunized either with mouse cardiac myosin, as described, or with CFA alone and the cardiac APC isolated either 14 or 21 days later. We have previously shown that histologic myocarditis is first evident between days 12 and 16 after immunization and is most severe on day 21 (35) . On day 14, cardiac APC from the CFA only and myosin-immunized groups stimulated hybridoma CDL 7.8.1 slightly more than the normal controls (Fig.  4) . However, by day 21, cardiac APC from the myosinimmunized mice stimulated significantly more than the other groups, and this finding was consistent when the APC were compared on a per cell basis. Thus, cardiac APC from hearts with active autoimmune myocarditis present endogenous myosin complexes better. We also performed FACS analysis of cardiac APC isolated 21 days after myosin immunization and found almost double the number of CD45+/class II MHC+ cells (Fig. 2 Right) . These data directly demonstrate that stimulation of the immune system by initiation of a cardiac-specific autoimmune response increases both the expression of myosin-class II MHC complexes on myocardial APC and the number of class II MHC+ cells in the target organ and enhances the functional capacity of these APC.
Myosin-class II MHC complexes were not generated during the isolation procedure, as shown by the following experiments. We first confirmed that cardiac myosin required processing and that this processing was inhibited by chloroquine. We prepared PEC as APC because they do not constitutively express myosin peptide-class II MHC complexes, and treated these PEC during the adherence step with chloroquine (100 ,uM), a lysosomotropic amine that has been well-studied and shown to inhibit antigen processing (36 (27, 38, 39) , this report directly demonstrates that the inducing self-protein in an autoimmune disease is endogenously processed and presented within the target organ, before any form of tissue injury. We show that using a cardiac myosin-specific T-cell hybridoma, CDL 7.8.1, we could detect myosin-class II MHC complexes in a class II MHC+/CD45+ cell population isolated directly from the hearts of normal mice and that induction of autoimmune Effect of chloroquine on ability of PEC to process and present protein to hybridoma CDL 7.8.1. PEC were obtained, as described in text, and 2 x 10 cells per well were treated with 100 ,.M chloroquine during the 2-hr adherence step. After being washed, 1 x 105 CDL 7.8.1 cells were added to the PEC together with myosin, CNBr myosin, medium only, or a cell-free extract from collagenaseand trypsin-digested mouse hearts, as described in the text. The heart extract contained total protein at 1.5 mg/ml. After 24 hr, supernatants were removed, and IL-2 production was determined, as described for Fig. 1 . Results are mean ± SD values for quadruplicates. myocarditis increased the expression of myosin-class II MHC complexes on cardiac APC.
The significance of these studies is that expression of myosin-class II MHC complexes on cardiac APC does not require myocardial tissue injury. Therefore, there must be local turnover ofcardiac myosin or degradative intermediates that are captured by the residential APC. By capturing polypeptides from local myosin turnover, the residential APC may protect the host by preventing myosin exposure to the systemic immune system or, at least, by keeping exposure to a subthreshold level. Self-reactive T cells are then not exposed to myosin because lymphocytes are not present in the normal heart. Thus, the residential APC may have an important role in protective homeostasis in health. In the setting of tissue injury, the APC would be important in maintaining this protection, not only because more myosin is available to the immune system, but because tissue injury recruits lymphocytes into the heart. This hypothesis is supported by the fact that autoimmune sequelae are a rare complication of myocardial infarction (40) .
The mechanisms controlling the autoimmune response are still unknown. Our studies demonstrate, however, that selfantigen-class II MHC complexes exist before tissue injurytherefore, availability of self-antigen is not the limiting step. Schwartz (41) has suggested that costimulatory signals from the APC are critical for determining whether self-reactive T cells will become stimulated upon engagement of selfantigen-class II MHC. According to this theory, if myosinreactive T cells contact myosin-class II MHC on cardiac APC, tolerance could be maintained due to lack of the required costimulatory signals by the cardiac APC. Immunization with myosin could start the sequence of events that allow the cardiac APC to provide appropriate costimulation to myosin-reactive T cells in vivo to initiate autoimmune myocarditis. Another possibility is that the number of myosin-class II MHC complexes on cardiac APC is below the threshold required to stimulate a myosin-reactive T cell and that myosin immunization increases the number of these complexes. We previously reported that myosin-stimulated T cells could adoptively transfer autoimmune myocarditis into SCID mice, but this transfer would occur only if the SCID mice were immunized with myosin (27) . Activation of the myosin-stimulated T cells by Con A allowed the T cells to successfully transfer myocarditis without myosin immunization. Thus, the activation state of the T cell may also be critical for induction of the autoimmunity.
The expression of myosin-class II MHC complexes in vivo is enhanced during the process of autoimmune myocarditis, as shown by increased reactivity of hybridoma CDL 7.8.1 to cardiac APC isolated 21 days after immunization, a time point when histologic inflammation is most severe. The intriguing possibility that ongoing tissue injury releases self-antigen and thereby contributes to the pathogenesis of autoimmunity, unfortunately, cannot be resolved from these experiments. 
